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下，FT 基因在叶片中被激活并促进开花，而 FT 蛋白能够在茎尖与另一个转录
因子 FD 相互作用并激活花原基特异性基因 APETALA1（AP1）的表达，这表明
FT 基因的产物（蛋白和/或 mRNA）能够从叶片移动到茎尖从而诱导开花。然
而，这种信号的本质以及该信号过程的机理还存在争议。 
首先，本实验构建了热激诱导启动子（HSP）调控下 3×HA 标签与 FT 的融
合基因，并转入 ft-10 突变体。HSP:HA:FT ft-10 植株在整株热激或者单叶片热
激之后两周即能发育出可见的花芽，HA:FT mRNA 与 HA:FT 蛋白在热激后的叶
片以及相连的叶柄中也能检测到，这说明 FT mRNA 和 FT 蛋白可能共同从叶片
移动到茎尖。在后续的实验中，将热激诱导启动子调控的 HA:FT 融合基因，连
接上非翻译的 GFP 序列，并对 HSP:HA:FT:GFPm 中非翻译的 GFP 序列进行了
一系列删除，然后将其转化 ft-10 突变体。实验发现，只有表达的 FT mRNA 长
度短于某个极限值的植株才能被单叶片热激诱导早花，同时 FT 蛋白与 FT 
mRNA 也都能在相连叶柄中检测到。 
对于 HSP:HA:NLS:FT ft-10 和 HSP:FT:GR ft-10 植株的研究表明细胞核与细
胞质 FT 蛋白能调控 FT mRNA 的移动。SUC2:HA:NLS:FT 35S:FT:GR 能够彻底
恢复 ft-10 晚花表型以及 HSP:HA:NLS:FT 35S:FT:GR ft-10 能够被单叶片热激诱
导早花的实验事实也证实了这个结论。 
对于 HSP:FT:GR ft-10 和 HSP:FT:HA ft-10 植株的研究表明 C 末端融合的 FT
蛋白不能调控 FT mRNA 转运。此外，SUC2:FT:GR ft-10 和 SUC2:FT:HA ft-10
植株的早花现象表明 FT 蛋白在茎尖下方由 SUC2 启动子诱导表达后能够自主在
茎尖中移动。 
我们的遗传学证据表明 FT 蛋白和 FT mRNA 一起从叶片转运到茎尖。细胞
质 FT 蛋白和 FT mRNA 可能结合成动态复合物进行协同转运。细胞核 FT 蛋白
可能激活下游的靶基因表达，该基因的蛋白参与了转运复合物的组装。所以，
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Abstract  
Flowering time of plants is regulated by a variety of environmental factors and 
internal circadian rhythm. Photoperiod regulate the flowering time of most plants. 
Arabidopsis is a facultative long-day plant. Flowering locus T (FT) is an important 
factor in photoperiodic flowering of Arabidopsis. FT gene is activated in leaf and 
promotes flowering of Arabidopsis in long days. FT protein can interact with another 
transcription factor FD in apex and activate the expression of floral meristem identity 
gene APETALA1(AP1). This suggests that the products of FT （ protein and/or 
mRNA）might move from leaf to shoot apex for floral induction. However, the 
nature of this signal and the mechanism underlying this signaling are still 
controversial. 
Firstly, a fusion gene comprising 3×HA tag and FT gene was constructed under 
control of a heat shock-inducible promoter (HSP) and introduced into ft-10 mutant. 
HSP:HA:FT ft-10 plants developed visible flower buds two weeks after it was 
subjected whole-plant heat shock treatment or single-leaf heat shock treatment. 
HA:FT mRNA and HA:FT protein were also detected in heated leaf and its petiole of 
HSP:HA:FT  plants after single-leaf heat shock treatment, suggesting that FT mRNA 
and FT protein might move together from leaf to shoot apex. In next experiment, a 
fusion gene comprising HA and FT, as well as untranslatable GFP was constructed 
under control of HSP promoter. A series of deletion were made in untranslatable GFP 
region of HSP:HA:FT:GFPm construct and these constructs were directly 
transformed into ft-10 mutant. Only the plant that express FT mRNA shorter than the 
size-exclusion limit can be induced to flower by single-leaf heat shock treatment. 
Both FT protein and FT mRNA can also be detected in relative petiole simultaneously.  
Researches on HSP:HA:NLS:FT ft-10 and HSP:FT:GR ft-10 plants showed that 
FT mRNA movement was facilitated by both nuclear and cytoplasm FT protein. This 
conclusion was confirmed by facts that SUC2:HA:NLS:FT 35S:FT:GR fully restored 
ft-10 late flowering and HSP:HA:NLS:FT 35S:FT:GR ft-10 plants can be induced to 
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The researches on HSP:FT:GR ft-10 and HSP:FT:HA ft-10 plants showed that 
FT C-terminal fusion protein fails to facilitate FT mRNA trafficking. Moreover, the 
early flowering of SUC2:FT:GR ft-10 and SUC2:FT:HA ft-10 suggested that FT 
protein can move in shoot apex on its own when it was directly expressed in the basal 
region under control of SUC2 promoter.  
Our genetic evidence suggested that FT mRNA and FT protein move together 
from leaf to shoot apex. Cytoplasmic FT protein move together with FT mRNA 
possibly as dynamic complex. Nucleus FT protein might acitivate the downstream 
target gene whose protein could be recruited into this complex. We concluded both FT 
mRNA and FT protein contribute to the long-distance signaling in floral induction of 
Arabidopsis. 
 











































































B 受 体 感受 紫 外线 B[7, 8] 。 在 拟 南芥 中， 至少 存 在 5 种 光敏色 素：
PHYTOCHROME(PHY) A～E；以及至少 2 种隐花色素：CRYPTOCHROME 1 (CRY1)
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图 1 拟南芥光受体调控开花功能模式图[12] 
Fig. 1 The function model of photoreceptorsregulating flowering in Arabidopsis 







(3)开花信号的输出。目前发现的基因主要有 GIGANTEA（GI）和 CO。 
GI 编码一个由 1173 个氨基酸残基组成的大分子蛋白质，该蛋白质位于细胞核
内，在被子植物中高度保守[18]。GI 蛋白的生物学功能还不清楚，但 gi 突变体可推
迟开花，而超表达 GI 则使开花提前[19]。 
CO 编码一个锌指(zinc finger)蛋白，是 早分离克隆的开花调节基因之一，该
蛋白质与 GATA 转录因子有关，并且包含一个叫做 CCT 的 C 端结构域[20]。CO 的
表达与花期直接相关，其表达量在长日下比短日下高[20]。外源转基因研究表明超
表达 CO 使开花提前，且没有任何突变体能完全抑制其早花表型，说明 CO 是通过
多条平行途径来调控下游基因的[21,22]。CO 可能作用于 GI 和 LHY 的下游, FT、
FWA 可能是作用于 CO 下游的早期基因[23]。 
1.2.1.2 春化作用途径 
春化作用是指低温处理诱导植物开花[24,25]。春化作用的感受部位主要是在茎尖
[26-28]。已经发现的与春化作用密切相关的是 FLC 和 FRI，FLC mRNA 的高水平表
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